
What picture comes to mind
when you hear the term
old-growth forest? To many

it is a forest that has grown for cen-
turies without human disturbance and

now is a stand of massive, towering
trees with jumbles of large decaying
tree boles; deep shade pierced by shafts
of sunlight; and dense patches of herbs,
shrubs, and saplings that perhaps con-

ceal rare species. Such a forest is as awe
inspiring as it is biologically rich. It
may contain the largest trees, the old-
est trees, the most at-risk forest species,
and the largest accumulation of carbon
per hectare of any forest type on earth.
Given this picture, it is not difficult to
understand why old-growth forests
have become charismatic ecosystems in
the debate about forest biodiversity. 

Although this picture fits many old-
growth forests, it does not fit all of
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An ecological understanding of old-growth requires a multiscale perspective, ranging from in-
dividual trees to regions. A consensus on a single general ecological definition of old-growth
will never be reached, but that should not preclude the development of specific definitions
needed by managers. Old-growth forests share many attributes, such as spatial heterogene-
ity, but they also differ in many ways. Given the complexity and dynamics of forests, efforts to
conserve biodiversity must be sensitive to the diversity of old-growth forests and must consider
forests of all developmental stages, not just old-growth. One implication is that forest policies
and management practices may need to be as diverse as the old-growth forests they address. 
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Above: Old-growth white pine–hemlock 
(Pinus strobus–Tsuga canadensis) in the 
Upper Peninsula of Michigan. 
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them—or even most of them. Policy-
makers and managers are struggling to
respond to the diverse definitions of
these forest ecosystems. Some of the
challenges stem from the fact that, de-
spite their shared attributes, like high
spatial heterogeneity, these forests also
differ in many respects. For example,
tree sizes, longevity, wood decay rate,
tolerance of shade and fire, and distur-
bance frequency can differ by an order
of magnitude among species and forest
types (Harmon et al. 1986). 

The diversity of old-growth forests
types makes it impossible to use the
same policies and management prac-
tices everywhere. In this article I briefly
review ecological concepts of old-
growth, propose some ways to think
about the diversity of old-growth for-
ests, and identify policy and manage-
ment implications of this diversity. 

The Conceptual Basis
Old-growth forests have multiple

meanings and values in ecological, so-
cial, and economic arenas. In many
cases it is the social values, such as aes-
thetic and spiritual qualities, that drive
public debates about old-growth. To
many people the ecological and biodi-
versity concerns are secondary to the
idea that they just don’t want large, old
trees cut down. Even though issues of
social values lie at the heart of many
old-growth controversies, ecological
perspectives must be taken into ac-
count if new policies are to lead to suc-
cessful management on the ground. 

Ecological concepts and definitions
of old-growth form a basis for old-
growth policy and management. The
most basic definition of old-growth is
simply a forest containing old trees.
The “growth” part of the name dates
back to the early days of forestry in the
United States, when trees were viewed
primarily as a crop, or a “growth” (Fer-
now 1891). Since then, old-growth has
acquired ecological and social mean-
ings and relatively widespread public
recognition (although not necessarily
scientific understanding). One exam-
ple of an ecologically based definition
is the generic definition of the USDA
Forest Service (Anonymous 1989): 
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Table 1. Ecological and spatial scales relevant to policy and manage-
ment for old-growth forests.

Scale Examples of attributes

Individual tree (species specific) Tree size, longevity, crown form, decay in living
trees, bark thickness, wood decay rate 

Stand or patch of trees Tree size variation, horizontal patchiness, 
vertical foliage distribution, species composition,
live and dead biomass, rates of mortality and 
regeneration, gap formation and closure rates

Landscape (mosaic of stands) Patch size distributions, disturbance regimes,
spatial patterns of forest developmental stages,
soil and topographic influences

Region (mosaic of landscapes) Variation in forest structure and composition 
in relation to climate, disturbance regimes, 
vegetation history

Figure 1. Crown form development from young to old-growth in Douglas-fir on productive
sites in western Washington (left to right: 50, 150, 300, 500, 700 years). 
Source: Courtesy of Robert Van Pelt. Note: Human figures included for scale. 
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Old-growth forests are ecosystems
distinguished by old trees and related
structural attributes. Old-growth en-
compasses the later stages of stand de-
velopment that typically differ from
earlier stages in a variety of characteris-
tics, which may include tree size, accu-
mulations of large dead woody mater-
ial, number of canopy layers, species
composition, and ecosystem function.

If the forests of North America are
screened with this definition, the result
is a population of forests that is diverse
in structure, dynamics, and composi-
tion. Understanding the diversity of
old-growth forests requires a multiscale
ecological and spatial perspective, in-
cluding distinction of tree species,
stands and patches, landscapes, and re-
gions (Spies and Franklin 1996) (table
1).

At its most fundamental level, an
old-growth forest is the product of
structures and processes associated with
the maturation and senescence of a

population of trees. Consequently, the
life history characteristics (e.g., maxi-
mum size, age, growth rates, shade tol-
erance, and decay rates of wood) of
those tree species have a strong influ-
ence on the characteristics of old-
growth at stand, landscape, and re-
gional levels. Individual trees develop
forms and structures through genetic,
physiological, and ecological processes
of growth, senescence, death, and sub-
sequent decay. In their youth, for ex-
ample, many trees have a strong central
stem and a conical crown, but with age
they develop a more open, irregularly
spreading or decurrent crown (Zim-
mermann and Brown 1971) (fig. 1).
The open, individualistic crowns that
form as trees age are perhaps the most
distinctive feature of old-growth forests. 

The generic ecological model of
old-growth is best developed at the
stand scale. For more than 50 years,
beginning with a seminal paper by
Watt (1947), ecologists have used a

simple four-stage model to character-
ize forest stand development, with the
last stage corresponding to old-growth
or a relative steady state in which
shade-tolerant canopy species replace
themselves through regeneration in
canopy gaps (Oliver and Larson
1990)(table 2). In this model, old-
growth is synonymous with a climax
forest—the last stage of forest develop-
ment (i.e., structural change) and suc-
cession (i.e., compositional change) in
which the forest community is self-
perpetuating and relatively stable in
the absence of stand-replacement dis-
turbance. However, old-growth has
also been applied to forests dominated
by long-lived early seral dominants,
such as Douglas-fir (Pseudotsuga men-
ziesii) and ponderosa pine (Pinus pon-
derosa), or by short-lived seral species,
such as aspen (Populus sp.) or jack
pine (Pinus banksiana) (Franklin and
Spies 1991; Spies and Franklin 1996;
Frelich 2002). All of these old-growth
forests, whether composed of shade-
tolerant or seral species, share a rela-
tively high degree of structural com-
plexity that originates from structural
elements, including decurrent crowns,
canopy gaps, dead wood, and patchy
understories. 

Pioneering work on old-growth for-
est ecology in Douglas-fir forests of the
Pacific Northwest has emphasized
structural features of old-growth, such
as dead wood and vertical foliage diver-
sity, instead of tree species composi-
tion. Forest structure is more diagnos-
tic of stand development than is com-
position, because many forests—in-
cluding black spruce (Picea mariana)
and lodgepole pine (Pinus contorta)—
develop structurally following distur-
bance but change little in composition.
Forest structure is a critical attribute
because it is the substrate for other or-
ganisms and processes. Compared with
old forests, young natural forests have
simpler structure, and intensively man-
aged forest plantations are very simple. 

Recently, ecologists have looked
more closely at the standard four-stage
model and found it wanting when it
comes to elucidating the changes in
forest structure that occur in the later
stages of forest development (table 2).
Franklin et al. (2002) have proposed an
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Table 2. Examples of models of Douglas-fir stand development and
old-growth.

Four-stage model 
Typical stage (e.g., Oliver and 
age (years) Larson 1990) Eight-stage model (Franklin et al. 2002)

0 Disturbance and legacy creation

Stand initiation Pioneer cohort establishment

20
Canopy closure

30 Stem exclusion
Biomass accumulation and competitive 
exclusion

80 Understory reinitiation

Maturation

150 Old-growth

Vertical diversification

300

Horizontal diversification

800
Pioneer cohort loss

1,200
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eight-stage model. These stages, none
of which are termed “old-growth,” in-
corporate changes in spatial hetero-
geneity and the role of disturbances
that leave legacies of old-growth struc-
tures in young forests. 

The four-stage model and even the
recent eight-stage model are most ob-
vious in forests with stand dynamics
characterized by infrequent, stand-re-
placement disturbances that result in
moderate to large, relatively distinct
patches of forest. These models may
not appear to be applicable to forests
where stand dynamics are character-
ized by frequent, low-severity distur-
bances that create small patches, such
as ponderosa pine forests or spruce-
hemlock (Picea sitchensis–Tsuga hetero-
phylla) forests. The models neverthe-
less apply in these situations because
large stand-replacement disturbances
still occur, albeit infrequently, and be-
cause the spatial disturbance and re-
generation processes operate largely at
the scale of small patches or small
groups of trees. At the typical “stand”
scale (10 to 100 hectares) these forests
are a shifting mosaic that does not ex-
hibit the strong directional
structural changes over time
that are characteristic of for-
ests subject to stand-replace-
ment disturbances (Spies and
Turner 1999). This fine-
grained shifting mosaic also
occurs in the later stages of
stand development in forests
characterized by stand-re-
placement disturbances, like
coastal Douglas-fir or, in the
eastern United States, red
pine (Pinus resinosa), as the
large patches of the original
cohort are broken up by dis-
turbances and the regenera-
tion of more shade-tolerant
species. 

Landscape and regional
perspectives are also needed to
more fully understand and
manage old-growth (Parker et
al. 2000). Disturbance regimes
and climate can influence the
spatial pattern of forest devel-
opment and the time allowed
for trees and stands to mature
before they are killed. The

amount of old-growth in a landscape
and the level of complexity that devel-
ops in older stands are constrained by
the disturbance regime of the land-
scape. Where stand-replacement distur-
bances occur at frequencies that are less
than about half the age at which tree
species of a forest reach maturity, old-
growth conditions will be uncommon
or rare in the landscape (Spies and
Turner 1999).

For example, taking the fire fre-
quency–age class model of Van Wag-
ner (1978), old-growth would be less
than 10 percent, on average, in a land-
scape with a disturbance frequency of
50 years and forests that require 150
years to develop into old-growth. The
range of variation in the percentage of
old-growth in a landscape or region
also varies with the size of area consid-
ered and the disturbance regime of the
region (Wimberly et al. 2000). At
broad scales old-growth stands be-
come one piece of a spatially and tem-
porally interconnected, ever-changing
mosaic. Stands that have old-growth
structures today may not have them in
the future after disturbances from

wind, fire, pathogens, and humans,
whereas areas that are now lacking
old-growth may develop old-growth
conditions in the future. 

Definitions for Policy and Management
The conceptual models of stand de-

velopment and old-growth, like all
models, are simplifications of reality
that help us make sense of a seemingly
chaotic natural world. However, when
it comes to policy and management is-
sues, and when lines are drawn on
maps and silvicultural decisions are
made about particular stands and
landscapes, the conceptual models are
of limited value. Policymakers and
managers typically need specific defin-
itions of old-growth: tree species, tree
diameters, snag and down wood sizes
and volumes, and measures of patch
size and vertical diversity. Tree age can
be used in relatively even-aged forests,
but in multiaged forests an average age
or dominant age will not have much
value in defining old-growth. In re-
sponse to management needs, specific
definitions of old-growth have been
developed for several forest types

(Old-Growth Definition Task
Group 1986; Harms 1996;
Wells et al. 1998)). These de-
finitions, which are typically
based on attributes of stand
structure, composition, and
age, can be used to estimate
the amount of old-growth in
an area and to map its distrib-
ution. 

However, the definitions
become arbitrary when the
line between forests that are
and are not old-growth must
be determined. Stand devel-
opment is a continuous proc-
ess that lacks clear thresholds
or abrupt changes in structure
that can be considered diag-
nostic of the beginning of the
old-growth stage (Spies and
Franklin 1988; Hunter and
White 1997). The picture is
further complicated by the
fact that old-growth includes
many distinctive structural
components that do not all
change at the same rate and
may not all be present in
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Old-growth aspen (Populus tremuloides) in the Rocky Mountains of
western Colorado.
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every stand. This continuous and vari-
able nature of structural development
has led some to call for using an index
of “old-growthness” that would allow
the threshold for identifying old-
growth to be moved depending on the
management objective (Spies and
Franklin 1988). 

Setting definition thresholds by age
or structure influences the perception
of how much old-growth is in a land-
scape. Hunter and White (1997)
point out that, if rarity is the impetus
to conserving old-growth and if the
definition of old-growth is arbitrary,
old-growth should be defined in a way
that keeps it rare but not too rare. If
old-growth is defined more broadly so
that it is relatively common, it may be
less valuable from a biodiversity per-
spective. 

Using evidence of human activity as

a criterion for old-growth is controver-
sial. This perspective had its roots in
the use of the term virgin forest, which
has a long history of association with
old-growth forest. If stands are defined
largely on the basis of structural devel-
opment, the source of the disturbance
(e.g., human or fire) is irrelevant as
long as the diagnostic features are pre-
sent. However, human disturbances
often remove wood or vegetation and
reduce the structural variability that is
typical of many naturally developed
older forests. 

The issue of human influence is
moot in most forest regions where past
logging and agriculture have removed
old-growth forests (Foster et al. 1996)
or where activities by native peoples
have altered the structure and compo-
sition of many so-called virgin forests
(Denevan 1992). Whether a forest can

be defined as old-growth if it has had a
history of human disturbance is where
the boundaries of social values and
ecological science become especially
blurry and arbitrary. Degree of human
influence is a characteristic that could
also be included in an index of old-
growthness. 

Diversity of Old-Growth Forests
As forest ecologists have learned

more about forest dynamics and about
old forests in particular, they have be-
come more sensitive to the variations
that occur in the later stages of forest
development. Characterizations of
old-growth from a region where old-
growth is distinctive and relatively
common can dominate the thinking
in other regions where old-growth is
rare and poorly studied. Thus descrip-
tions of old-growth Douglas-fir have

This classification illustrates the diversity of old-growth
based on characteristics of space, time, and structure. 

Development time. Long: requires centuries to millen-
nia to develop as a result of poor site conditions and very
slow growth and establishment. Intermediate: requires
centuries to develop because of long lifespans of
species, low site quality, or slow growth rates. Short: re-
quires decades to develop because of short lifespans of
dominant tree species. 

Structure. Low: small trees with short life spans (<250
years), low-density stands, low dead wood because of
high decay rates. Moderate: small to medium-sized trees
with short lifespans, low to moderate accumulations of
dead wood. High: large to very large trees with long life-
spans (>250 years), moderate to high accumulations of
dead wood.

Patch size. Fine-grained: dominant tree species typi-
cally regenerate in small canopy gaps and disturbance
patches (<1 ha). Coarse-grained: dominant trees typically
regenerate in moderate to large stand replacing distur-
bances (>1 ha). Mixed: combination of both fine- and
coarse-grained disturbances regenerate the dominant
tree species.

Stability. Short-term transient: old-growth stages exist
for decades before successional change or stand-replace-
ment disturbance. Long-term transient: old-growth stages
typically exist for one to several centuries before succes-
sional change or stand-replacement disturbance. Surface-
fire dependent: stands can persist for centuries as long as
surface fires burn with a frequency of decades or less. En-
during: old-growth stages exist for centuries to millennia
because canopy trees can regenerate in canopy gaps. 

Ecological Characteristics of Old-Growth

Development 
time Structure Patch size Stability Examples of forest types

Long Low Mixed Enduring Pinyon-juniper, subalpine white pines, dwarf black
spruce

Intermediate Moderate Fine-grained Enduring Balsam fir, black spruce

Short Moderate Coarse-grained Short-term Aspen, red alder, jack pine, black spruce, sand pine
transient

Intermediate High Coarse-grained Long-term Douglas-fir, ponderosa pine, white pine, red pine, 
transient Atlantic white cedar

Intermediate High Fine-grained Surface fire Ponderosa pine, oak-hickory, longleaf pine, 
dependent Douglas-fir–incense cedar

Intermediate High Fine-grained Enduring Beech-maple, hemlock-spruce
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sometimes been used as a model for
old-growth age and structure in other
forest types, which may not be appro-
priate depending on the ecological
characteristics of the other forests
(Lugo 1997). 

The diversity of old-growth reflects
the diversity of forest types and their
environments. Old-growth types vary
in terms of lifespans of the dominant
tree species, disturbance regime, pres-
ence or absence of human disturbance,
shade tolerance, and longevity and age
structure (Spies and Franklin 1996;
Frelich 2002). No generally accepted
framework exists for understanding the
diversity of old-growth types. Such a
framework might be helpful in pro-
moting a better understanding of the
complexity of the old-growth phenom-
enon in the minds of the public, poli-
cymakers, and managers. 

As a framework to illustrate the di-
versity of types, I use four ecological
characteristics—development time,
structure, patch size, and stability (see
“Ecological Characteristics of Old-
Growth” ), selected to emphasize char-
acteristics important for planning and
managing old-growth at multiple
scales. Development time is the time re-
quired for old-growth to redevelop fol-
lowing stand-replacement disturbance.
Structure refers to the degree of devel-
opment of phytomass and structural
components. Patch size is the size of
opening needed to regenerate the dom-
inant tree species (but not the overall
pattern of vegetation, which is typically
a multiscale mosaic in old-growth).
Stability refers to the duration of the
old-growth stages given successional
change and the occurrence of stand re-
placement disturbances. 

Some short-term transient old-
growth types, such as aspen and jack
pine, may exist for only a few decades
before the dominant trees die and are
replaced by more shade-tolerant
species, which then develop into an-
other type of old-growth over time.
Some low-stature old-growth types,
such as white-bark pine (Pinus albi-
caulis), form open stands of small trees
that do not develop the live and dead
structural characteristics often associ-
ated with old-growth at the stand level
but do exhibit old-growth structure at

the tree level. Fine-grained, enduring
old-growth types, such as beech–sugar
maple (Fagus grandiflolia and Acer sac-
charum), can exist for centuries to mil-
lennia—until a stand-replacement dis-
turbance occurs or climate change oc-
curs—in a relatively small area because
the trees are tolerant enough to replace
themselves in small to medium canopy
gaps. Old-growth ponderosa pine on
moist sites can also persist for long pe-
riods but requires frequent surface fires
to keep out shade-tolerant species and
regenerate the canopy species. 

Variation in the four characteristics
presumably affects such forest proc-
esses as carbon sequestration, nutrient
cycling, habitat selection by animals,
and resistance to fire, wind, and other
disturbances. However, we know rela-
tively little about how these ecological
functions vary across old-growth
types.  

Policy and Management Implications
I conclude by listing some implica-

tions for policymakers and managers.
• A consensus on the wording of an

ecological definition of old-growth will
never be reached and may not be desir-
able, given the diversity of forests. Mul-
tiple general definitions, however, are
needed. 

• Specific definitions and maps of
old-growth, based on measurable struc-
tural features and biophysical site con-
ditions (e.g., plant association groups)
and prepared by local experts, are
needed for forest types within regions. 

• Use of indices instead of binary
classes is essential in dealing with the
continuous nature of forest structural
development, in dealing with multiple
definitions, and for making it clear
that ours is not a black-and-white
world. 

• At some point in the process of
developing specific definitions, the
boundaries of what is and what is not
old-growth become arbitrary. Other
criteria, such as risk (including ecolog-
ical, social, and economic risks) and
uncertainty, can then be used to help
decide whether to err on the side of in-
clusion or exclusion. 

• Old-growth varies in terms of ef-
fort required for conservation and
restoration, significance for biological

diversity, and threat by direct or indi-
rect human activities. 

• Some types of old-growth have
been threatened by too much distur-
bance (e.g., logging of Douglas-
fir–western hemlock in the Pacific
Northwest), while others are threat-
ened by too little disturbance (e.g., fire
suppression in some ponderosa pine
forest types in the West). 

• High buildups of woody fuel are
natural in many old-growth forest
types. However, some old-growth types
are at risk from stand-replacement dis-
turbances because of uncharacteristi-
cally high fuel loads. 

• It will be easier to incorporate old-
growth elements in managed forests in
some forest types than others. For ex-
ample, old-growth types maintained by
canopy gap disturbances, such as
northern hardwoods, may be more eas-
ily imitated through group selection
and other silvicultural activities than
types characterized by large, infre-
quent, severe disturbances. However,
old-growth elements can be main-
tained in managed stands within stand-
replacement forest types through appli-
cation of new silvicultural practices
(Franklin et al. 2002). 

• Given the complexity of old-
growth and uncertainties about man-
agement effects, a one-size-fits-all ap-
proach should be avoided. Forest re-
serves and active management both
will be necessary. 

• Old-growth management and pol-
icy issues differ regionally. In the east-
ern United States, where old-growth is
rare or absent, goals for future old-
growth are especially difficult to define.
In these situations, restoration will lead
to a type of old-growth that differs in
structure and composition from old-
growth forests of the past. In the west-
ern United States and Alaska, where
old-growth is relatively abundant,
management goals have been setasides
of existing old-growth. However, long-
term strategies are needed that provide
for a dynamic population of old-
growth stands within landscapes sub-
ject to wildfire, pathogens, and climate
change. 

• Given the complexity of forests,
conserving forest biodiversity is more
than just conserving something called
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“old-growth.” It means conserving or
imitating processes that create diversity
in all stages of forest development, at
many spatial and temporal scales. 

Literature Cited
ANONYMOUS. 1989. Generic definition and description

of old-growth forests. Report on file. Washington,
DC: USDA Forest Service. 

DENEVAN, W.M. 1992. The pristine myth: The land-
scape of the Americas in 1492. Annals of the Associa-
tion of American Geographers 82:369–85.

FERNOW, B.E. 1891. What is forestry? Washington, DC:
Forestry Division, Department of Agriculture.

FOSTER, D.R., D.A. ORWIG, and J.S. MCLACHLAN.
1996. Ecological and conservation insights from re-
constructive studies of temperate old-growth forests.
Tree 11:419–24.

FRANKLIN, J.F., and T.A. SPIES. 1991. Ecological defini-
tions of old-growth Douglas-fir forests. In Wildlife
and vegetation of unmanaged Douglas-fir forests, eds.
L.F. Ruggiero, K.B. Aubry, A.B. Carey, and M.H.
Huff, 61–69. Portland, OR: USDA Forest Service,
Pacific Northwest Research Station.

FRANKLIN, J.F., T.A. SPIES, R. VAN PELT, A.B. CAREY,
D.A. THORNBURGH, D.R. BERG, D.B. LINDENMAYER,
M.E. HARMON, W.S. KEETON, D.C. SHAW, K. BIBLE,
and J. CHEN. 2002. Disturbances and structural de-
velopment of natural forest ecosystems with silvicul-
tural implications, using Douglas-fir as an example.
Forest Ecology and Management 155:399–423.

FRELICH, L.E. 2002. Forest dynamics and disturbance

regimes: Studies from temperate evergreen-deciduous for-
ests. Cambridge, UK: Cambridge University Press.

HARMON, M.E., J.F. FRANKLIN, F.J. SWANSON, P. SOLLINS,
S.V. GREGORY, J.D. LATTIN, N.H. ANDERSON, S.P.
CLINE, N.G. AUMEN, J.R. SEDELL, G.W. LIENKAEM-
PER, K.J. CROMACK, and K.W. CUMMINS. 1986. Ecol-
ogy of coarse wood debris in temperate ecosystems. Ad-
vances in Ecological Research 15:133–302.

HARMS, W.R. 1996. An old-growth definition for wet pine
forests, woodlands, and savannas. General Technical
Report GTR-SRS-7. Asheville, NC: USDA Forest
Service, Southern Research Station. 

HUNTER, M.L., JR., and A.S. WHITE. 1997. Ecological
thresholds and the definition of old-growth forest
stands. Natural Areas Journal 17:292–96.

LUGO, A.E. 1997. Old-growth mangrove forests in the
United States. Conservation Biology 11:11–20.

OLD-GROWTH DEFINITION TASK GROUP. 1986. Interim
definitions for old-growth Douglas-fir and mixed-conifer
forests in the Pacific Northwest and California. Port-
land, OR: Pacific Northwest Research Station, USDA
Forest Service.

OLIVER, C.D., and B.C. LARSON. 1990. Forest stand dy-
namics. New York: McGraw-Hill.

PARKER, A.J., K.C. PARKER, and H. WIGGINS-BROWN.
2000. Disturbance and scale effects on southern old-
growth forests (USA): The sand pine example. Nat-
ural Areas Journal 20:273–79.

SPIES, T.A., and J.F. FRANKLIN. 1988. Old-growth and
forest dynamics in the Douglas-fir region of western
Oregon and Washington. Natural Areas Journal
8:190–201.

———. 1996. The diversity and maintenance of old-

growth forests. In Biodiversity in managed landscapes:
Theory and practice, eds. R.C. Szaro and D.W. John-
ston, 296–314. New York: Oxford University Press.

SPIES, T.A., and M.G. TURNER. 1999. Dynamic forest
mosaics. In Maintaining biodiversity in forest ecosys-
tems, ed. M.L. Hunter Jr., 95–160. Cambridge, UK:
Cambridge University Press.

VAN WAGNER, C.E. 1978. Age-class distribution and the
forest fire cycle. Canadian Journal of Forest Research
8:220–27.

WATT, A.S. 1947. Pattern and process in the plant com-
munity. Journal of Ecology 35:1–22.

WELLS, R.W., K.P. LERTZMAN, and S.C. SAUNDERS.
1998. Old-growth definitions for the forests of British
Columbia, Canada. Natural Areas Journal 18:279–92.

WIMBERLY, M.C., T.A. SPIES, C.J. LONG, and C. WHIT-
LOCK. 2000. Simulating historical variability in the
amount of old forests in the Oregon Coast Range.
Conservation Biology 14:167–80.

ZIMMERMANN, M.H., and C.L. BROWN. 1971. Trees:
Structure and function. New York: Springer-Verlag.

Thomas A. Spies (tspies@fs.fed.us) is re-
search forester and team leader, Ecosystem
Processes Program, USDA Forest Service,
Pacific Northwest Research Station, 3200
SW Jefferson Way, Corvallis, OR 97331. 

20 Journal of Forestry • April/May 2004

D
ow

nloaded from
 https://academ

ic.oup.com
/jof/article-abstract/102/3/14/4613151 by guest on 26 M

arch 2019


